The development of apparatuses in which samples can be transferred fran Ultra High Vacuum (UHV) to high pressure reactors and back without exposure to air, together with the powerful tools of surface science, allows a more detailed examination of the mechanism of catalytic surface reactions. we have recently reported a study of ethylene hydrogenation over Pt (111) single crystal surfaces [1] , where it was concluded that ethylidyne (a hydrocarbon fragment which forms under UHV when ethylene is adsorbed at roam temperature) is also present during high pressure reactions, covering the metallic surface. Since ethylidyne is stable in the presence of high pressure of H2 below 350K, the hydrogenation of gas phase ethylene takes place on top of this first chemisorbed layer.
In this paper we report a similar study of the ethane deuterium exchange reaction. An activation energy of 19 Kcal/mole was obtained, consistent with values reported previously on supported platinum, platinum films or foils [2] [3] [4] [5] [6] . Furthermore, au-shaped product distribution was obtained, with maxima at one and six D atans per ethane molecule, indicating the existence of two oampetitive exchange reactions. Low energy electron diffraction (LEED) and thermal desorption spectroscopy ('IDS) suggest the presence of ethylidyne fragments on the surface after these reactions. Since the initial step for exchange is the dissociative adsorption of ethane, the reaction requires temperatures above about 400K. Under these conditions ethylidyne moieties present during the high pressure reaction are readily rehydrogenated. We propose a mechanism for the exchange reaction in which initially adsorbed ethane either . .
• • . . -3- desorbs ~iately, yielding monodeuterated ethane, or undergo through sequential hydrogen exchange reactions involving ethylidyne as an intermediate, to finally produce fully deuterated ethane.
EXPERIMENTAL
All the experiments were carried out in a UHV/high pressure apparatus designed for combined UHV surface analysis and high pressure studies using small area catalyst samples, as described in detail in previous publications [7] . The system is equipped with standard instrumentation for perfonning LEED, Auger electron spectroscopy (AES), and TOS: and with a retractable cell that all0t1s the catalyst sample to be isolated fran UHV and inserted into a high pressure recirculation loop that can be operated up to 10 atm. for kinetic studies. Most of the experimental details have been described extensively in a previous paper [1] . A platinum single crystal, cut and polished in a (111) orientation, was used as the catalyst. '!he total area was about 1.5 an2, with less than 30% polycrystalline surface. Research purity ethane (Matheson, 99.96%), and deuterium (Matheson, >99.5% atanic purity) were used as supplied.
Tb carry out a reaction, the crystal was first cleaned until no impurities were detectable by AES. It was then inserted into the high pressure loop, and cooled to near roam temperature in the presence of about 150 torr of ~· '!he ~ was evacuated, ethane and deuterium were introduced in that order to the desired pressures and circulated for 2-3 minutes to ensure adequate mixing, and finally the crystal was heated to the reaction temperature.
Methane formation was followed by gas chranatography, using a 6'xl/8" Chranosorb 104 column. The deuterium exchange was follCMed mass spectranetrically by leaking a small amount of the reactant mixture into the vacuum chamber. The product distribution was obtained by deconvoluting the data using the mass spectrum of each pure deuterated ethane, as reported in the literature [8] . These calculations proved to be fairly accurate [1] , although the errors accumulate in the light alkane region of the distribution.
After reactions, the crystal was returned to UHV, where LEED patterns were photographed, and AES and H2 and 1>2 thermal desorption spectra were obtained in the usual manner.
RESUL'IS
Deuterium exchange and hydrogenolysis (to produce methane) of ethane were investigated over the close packed (111) platinum crystal surfaces at temperatures between 473 and 623K. The standard reaction conditions utilized pressures of 100 torr deuterium and 10 torr·ethane, unless otherwise indicated. TYPical product accumulation curves are shown in fig. 1 for both reactions. These curves are plotted using the total number of ethane molecules that underwent reaction as a function of ttme. As expected, deuterium exchange is more than three orders of magnitude faster than hydrogenolysis over the temperature range studied.
For hydrogenolysis, the initial reaction rates were determined from the slope at zero time from plots like the one shown in fig. 1 . rue to the high conversions for exchange, the rates for those reactions were calculated • tW -5 -using first order kinetics for the disappearance of the light alkane (do).
'!he reverse reactions, namely, the production of light alkane fran deuterated ones, were neglected, since the equilibrium concentration of do under our conditions is less than 0.02% of the total ethane (as calculated using the method described by Kemball [9] ). 'nle corresponding semilogarithmic plots are linear up to very high conversions, as can be seen in fig. 2 , where the data fran figure 1 has been replotted to obtain the reaction rate eonstant.
'nle rates estimated using this procedure were within 20% of the values obtained in a stmilar way as for the hydrogenolysis (by taking the slope at t=o from fig. 1 ). The first order kinetics is justified by the first order dependence of the reaction rates on ethane pressure, as will be reported later.
Arrhenius plots of the initial rates for both reactions are shown in fig. 3 ; they give activation energies of 19±2 Kcal/mole for deuterium exchange, and 34±1 Kcal/mole for hydrogenolysis. The dependence of ' exchange rates on reactant pressures was also studied; the data is summarized in table I. The rate is almost linearly dependent on the ethane partial pressure, and inversely proportional to the square root of the deuterium pressure. All the kinetic parameters obtained for the two reactions are displayed in table II.
The product distribution of the resulting ethane from deuterium exchange was followed mass spectrametrically. A typical distribution is shown in fig. 4 . This distribution has an "U" shape, with maxima at one (dl) and six (dG), and a rninilnum at 3 (d3), deut~rium atoms per ethane molecule. obtained here on pt (111). Still, since hydrogenolysis was aoout three orders of magnitude slower than exchange, it appears that the limiting step for carbon-caroon oond breaking is not the initial chemisorption of .the saturated hydrocarbon [14] . Deuterium pressure dependences of -0.3 to -0.6 for ethane deuterium exchange were obtained on silica and cab-o-sil supported platinum [6] ,and are also consistent with our value of -0.55. and c) maxima in the ethane distribution at both d1 and d6 (W, Zr, Cr, v, Pt). In order to explain these results, they propose the following mechanism for exchange:
where the asterisks identifies adsorption sites. lhey then propose the pa-.rameter P, defined as the probability for adsorbed C2H5 species to undergo through a C2Hs (ads) + C2H4 (ads) + C2Hs (ads) cycle, rather than directly desorbing and forming ethane (P=k2fk-l, if k-2 is fast). Using this scheme, a value of P<l reproduces the type a product distribution, namely, However, recent surface studies have shown that such highly dehydrogenated intermediates are, in fact, stable and easy to obtain. Ethylidyne formation, for instance, is nCM well e·stablished .
• LEED [17 ,18] , UPS, TOO [19] , and HREEIS [20] st~dies of chemisorbed ethylene on Pt and Rh (111) indicate the'presence of a fragment of C2H3 stoichiometry, in which one.carbonatan sits on a hollCM site, bonding to three metal atans, and the carbon-carbon bond is perpendicular to the surface so that .the terminal carbon constitutes a methyl group. A schematic representation of this ethylidyne is shown in fig. 10 . we also reported recently clear evidence shCMing the presence of this moiety during ethylene hydrogenation [1] ~ In such reactions the ethylidyne layer formed is too stable to be rehydrogenated, so that the gas phase ethylene hydrogenates on top of an ethylidyne covered platinum surface. For the d6 production, once ethylidyne is fonned, hydrogen exchange in the methyl group should be much more rapidly than ethylidyne rehydrogenation. '!he slow step for hydrogenolysis would be the carbon-carbon bond breaking, k4. An energy diagram of the same mechanism is shown in fig.   11 . It is analogous to one ·previously proposed for methane deuterium exchange [22] , except that here the limiting step for the formation of both d1 and· d6 is the same, namely, the dissociative adsorption of _ethane.
This also eXplains why methane d4 .and·d1 production have different activation·energies, ~t ethaned1 and d6 pathways have the same value.
In the energy diagram presented in fig. 11 that can be formed at room temperature, is triply bonded to the surface · through one of .the carbon atans,· and only·at higher temperatures, above 450K, does it "tip over" and further deccinposes to CH fragments [11, 27] .
'Ihese intermediates can also explain the thermal desorption results.
The large peak at 691K in the 4 amu trace corresponds to the CD fragments from ethylidyne decomposition, after having exchanged with ~· They constitute the intermediates for methane formation, a reaction which is much slower than the exchange. It is worth noticing that the calculated activation energy from the high temperature peak in the TDS .is 33 Kcal/mole In addition to HREELS, 13c-NMR and high resolution mass spectroscopy [29, 30] have been used to attempt to obtain the-exact position of the deuterium atans in the ethane produced during reactions. '!his information could be related to surface intermediates, but no solid conclusions have been.
obtained in this respect. It is hoped that further studies will lead to more satisfactory results to give an insight to the details of the reaction mechanism.
In conclusion, we propose that the mechanism of ethane deuterium ex~ change proceeds through an initial slCM step, the dissociative adsorption ... ,.., -17 -~. . . .
-19 - c) Activation energy, in Kcal/roole, assuming first order desorption kinetics, and =2x1o9 for peak Band =lo13 for peak c, as for ethylidyne [11] .
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